A long (20 days) 
Introduction
The degradation of toxic xenobiotics is a process which lies at the basis of the creation of practical methods for the purification of waters from industrial pollutants. Phenol is a model pollutant -widely used in practice for studying a variety of technological methods for practical and purposeful application of the biodegradation activity of microorganismsbiodegradants of xenobiotics.
One direction for development of the theory and practice of biodegradation of xenobiotics is the management of processes by means of immobilized microorganisms and creation of technological algorithms for their application in water treatment. In recent years many authors have been working on the modeling of the effect of immobilization on the phenol degrading activity of different microorganisms, e.g. Pseudomonas sp. SA01 (9, 10) , Acinetobacter sp. XA05 (8) , Sphingomonas sp. FG03 (8) , Ralstonia eutropha (14) , Pseudomonas putida (14) .
A recent advancement in the investigations is the application of combination of carriers (alginate glycerol, glycerol-alginate beads and alginate-chitosan-alginate capsules) (2, 9, 10) . This is the so-called hybrid immobilization technique to achieve enhanced phenol removal.
The novel approach in our study was that known biodegradants of xenobiotics were immobilized on and in specific gels -newly developed materials -cryogels on the basis of polyethylene oxide. An accent in the paper is the dynamics of the biodegradation activity of Bacillus laterosporus BT-271 immobilized in polyethylene oxide and on the possibility for these gel disks to be implanted and to function in biofilters with possibilities for future application. In this case the purpose was to construct a membrane reactor with a specialized biofilm for detoxification of waters, containing phenol.
In this reactor the biological unit was a gel with immobilized bacterial cells from a biodegradant with proven biodegradation activity towards phenol. This biological unit will be further subjected to scaling and creating a semiindustrial system for detoxification of waters polluted with phenol and phenol derivatives. As far as the biodegradants have the ability to expand their biodegradation potential and to display detoxification activity to groups of xenobiotics with a similar chemical structure, the created biological unit would be applicable for mixtures of xenobiotics of aromatic nature. 
BIODEGRADATION OF PHENOL BY IMMOBILIZED IN PEO-CRYOGEL BACILLUS LATEROSPORUS BT-271 IN SEQUENCING BATCH BIOFILTER

Materials and Methods
Microbial cultures
Bacillus laterosporus BT-271, isolated by Topalova in 1983 from soil of the oil chemical plant in Bourgas, Bulgaria, subjected to a selective pressure for increasing its phenolcatabolic activity in laboratory conditions, studied many times and in details in the laboratory of Ecologic Biotechnology -Sofia University (18) , degrades phenol and 30 other aromatic xenobiotics at a high rate (15, 18) . It uses mainly an ortho-cleavage pathway of biodegradation through a key metabolite -catechol. Simultaneously there is also a through a key metabolite catechol and ortho-mechanism through a key metabolite protocatechuate (3, 16) . The microbial material used for immobilization had been stored for 18 years in a lyophilized state in 10% gelatin and 10% glucose.
Reactivation of the microbial cultures after storage
The described microbial culture was initially inoculated on nutrient agar, synthetic saline media after Furukawa (1983) (5) with a general mineral background and phenol as a carbon and energy source (100 mg/l) and 0.1% glucose as a cosubstrate. Then the microbial cultures were cultivated in liquid medium mineral background after Furukawa (5) and 250 mg/l of phenol and 0.1% glucose for obtaining inoculation material.
To test whether the phenol biodegradation activity had been preserved during storage and to accumulate biomass the microbe culture was cultivated in Erlenmeyer flasks on a shaker (220 rpm) in a medium with phenol as the only carbon and energy source at a concentration of around 300 mg/l (1, 7).
Immobilization of the Bacillus laterosporus BT-271 microbe culture
The biomass of the microbe culture was obtained after cultivation up to the end of the exponential and the beginning of the stationary phase -72 hours. This biomass was used for immobilization on gels from polyethylene oxide pre-soaked in saline medium after Furukawa. Two variants of biomass for immobilization were used. The first variant was inoculation material where the biomass was not preliminarily separated -direct variant of immobilization -direct (D). In the second variant after cultivation the biomass was harvested at 9000×g at 4°C and resuspended in fresh nutrition medium -option with preliminary separation and washing of the biomassseparated (S). In both variants for immobilization phenol was added in a concentration of 100 mg/l. Controls only with nutritive environment without microbe biomass were placed in parallel. The immobilization continued 72 hours, as the control containers were placed on a shaker.
The prepared gels with the immobilized microorganisms were mounted carefully on preliminary joined membrane bioreactors of the "biofilter" type. Two types of sequencing batch biofilters (SBB) were constructed ( Fig. 1) -SBB-D (with direct inclusion of the biomass from the cultivated microbe culture in the gel) and SBB-S (with inclusion of separated biomass in the gel). 
Monitoring of the technological parameters of the membrane bioreactors of the "biofilter" type
A 20-day experiment was carried out according to the applied experimental scheme (Fig. 2) . The technological parameters of the bioreactors were regularly monitored -concentration of phenol in the influent, efficiency of phenol biodegradation, rate of phenol biodegradation, debit of the purified water, loading of the biofilters, rate of phenol degradation, and efficiency of phenol elimination. The following calculations were made:
where Cphenol (mg/l) is the concentration of phenol in the influent, Q (ml/d) is the debit of the biofilter, W (ml) is the volume of effluent per 24 hrs.
Rate = degraded phenol per hour (mg/ml.h) Efficiency= [(Cp infl.-Cp effl.)/Cp influent] × 100
The phenol concentration was determined colorimetrically by the BSS colorimetric method adapted by Topalova in 1986 (15) . The protein content was determined in parallel by the Lauri method for whole cells and by the micro-biuret method of Herbert et al. (6) .
At the end of the experiment, after displacement of the working gels electron microscope pictures were taken -SEM (scanning electron microscopy) and the enzyme activity and the protein content of the biofilm in both variants of the experimental setting were determined.
The renovation of the biofilm was monitored microscopically as well as by means of the turbidity (OD -450) of the effluent.
Enzyme assays
The biomass of biofilm for determining enzyme activities was isolated from gels by means of sonic disruption. The crude cell extracts were obtained by further sonic disruption of the isolated cells (4) modified as previously described by Topalova et al. (16, 17) . Phenol 2-monooxygenase (P2MO) (EK 1.14.13.7) activity was measured according to Neujahr and Gaal (13) . Succinate dehydrogenase activity (SDH) was determined by the method described by Veeger et al. (19) . Catechol 1,2-dioxygenase (C12DO) (EK 1.13.11.1), Catechol 2,3-dioxygenase (C23DO) (EK 1.13.11.2), and Protocatechuate 3,4-dioxygenase (P34DO) (EK 1.13.11.3) activities were determined according to the methods described by Nakazava and Nakazava (11), Nozaki (12) . The protein content of the samples was determined by the method described by Herbert et al. (6) . All chemicals were supplied by Merck (Germany) and Fluka (Germany).
Results and Discussion
Initially our efforts were directed towards implanting the polyethylene oxide discs gels with the immobilized bacterial cells in biofilter settings and study the dynamics and the kinetic parameters of the functioning biofilters in both variants of the experimental setting -variant SBB-D and variant SBB-S.
Dynamics of the water purification process and kinetic parameters of the system
The dynamics of the water purification process were on the basis of the following parameters: change of phenol concentration in the influent, change of the remaining quantity of phenol in the effluent, volume of the effluent outflow (the purified watereffluent). The obtained results are shown in Fig. 3 The figure shows that the concentration of phenol as the only carbon and energy source in the influent fluctuated between 270 and 370 mg/l. It should be noted that this is a high enough working concentration, analogous to the pollution with phenol of the waters from the oil-processing and chemical industries. The remaining quantity of phenol in the effluent (the water purified by the biofilter) showed greater fluctuations of 200 mg/l phenol to 5 mg/l. The the remaining concentration of the toxicant in the effluent decreased gradually and was highest at the final adaptation of the system to biodegradation of phenol after a 20-day adaptation period of rhythmical functioning of the sequencing batch reactor. Although the two systems had similar behaviour, still in the final adaptation stage the system with direct immobilization of the biomass (SBB-D) displayed greater stability in the course of the adaptation process. From these data we can conclude that in both ways of biomass immobilization SBB-D and SBB-S had a similar final detoxification effect. As far as the direct way of immobilization is quicker, however, it can be argued that it would also be more suitable for future similar experiments.
Further on a comparison was made between the SBB-D and SBB-S biofilter systems in terms of kinetic parametersrate and efficiency of biodegradation. The results are shown in Fig. 4 .
The figure shows that the initial adaptation of the system continued up to the 15 th day of the functioning of the sequencing batch bioreactors. This was displayed in the fluctuations of the efficiency of the phenol elimination and was between 20 and 70% for both studied systems. The fluctuations were due to the simultaneous change of the processes of accumulation, deaccumulation and biodegradation of the toxic pollutantsubstrate and the irregular process of formation and renovation of the biofilm. After the 15 th day there was a stable increase in the efficiency, which quickly reached 100% for both studied systems. The rate of biodegradation also stabilized. Here we have to note the fact that for the SBB-D variant it reached up to 0.580 mg/l per hour, whereas for the SBB-S variant it was slightly lower -0.510 mg/l per hour. This again confirms the above statement about the more suitable algorithm of immobilization in the SBB-D variant -it was quicker, more economic in terms of resources and with better final kinetic parameters under stable functioning of SBB.
The technological parameters of functioning of SBB-D and SBB-S were also analyzed -loading of the biofilter and periodic renovation of the biofilm. The results are shown in Fig. 5 . The comparison of the two variants SBR-D and SBR-S revealed that there was a relation between the loading of the biofilters and the renovation of the biofilms. At higher peaks in the loading of the biofilters there was a decrease of the optic density of the purified water, which means less peeling biomass -i.e. more stabilized biofilm. Thus, under increased loading the density and the thickness of the biofilm were increased. All these confirm the great plasticity of the biofilm and its ability to react adequately to the processes of increased loading on a structural level and on the level of biodegrading functions. A greater synchrony in the change of the structure and the biodegradation properties of the biofilm was found for SBR-D.
Structure and stability of biofilm
The structure and the type of the biofilm in the more effective SBR-D system were studied also by means of electronic microscopy. Some of the results are shown in Fig. 6 . The pictures above show that the biofilm was built from slightly shortened and rounded cells of Bacillus laterosporus BT-271, which was in accordance with our previous results on the biodegradation of phenol and other toxic substrates from pure cultures and adapted microorganisms (18) . When the microbe cultures are cultivated on medium containing a toxic substrate as the only carbon and energy source, the morphology of the cells is different -they are smaller, round, in fact less biomass is accumulated because of the scarce source of carbon and energy and its toxicity, but the biomass adapted to detoxification contains a higher relative share of enzymes -directly responsible for the detoxification, in the discussed case -oxygenases (3, 15) . These preliminary data, as well as our desire to compare the key enzyme activities involved in the detoxification of phenol in SBR-D and SBR-S and also the homogenous ones (located in the effluent, dropped cells from the biofilm) and immobilized cells in the PEO-gel led to the design of the next series of studies. The oxygenase enzymes, key for this bacterial culture were studied -P2MO-phenol 2-monoxygenase, C12DO-catechol 1,2-dioxygenase, C23DO-catechol 2,3-dioxygenase, P34DO-protocatechuate 3,4-dioxygenase and SDH -succinatedehydrogenase (key enzyme from the inclusion of the phenol metabolite products in the cycle of the tricarbonic acids). The results are shown in Fig. 7 confirms what was found for this bacterial culture, that it degraded phenol via a basic ortho-cleavage pathway by means of a key metabolite -catechol. In both variants of the experimental setting -SBB-D and SBB-S in both the homogeneous and the immobilized cells C12DO had the highest activity. In both the homogeneous ones and the immobilized ones it was higher in SBB-D. This was in agreement with the higher rate of degradation of the system and confirmed the suitability of algorithm D for immobilization of Bacillus laterosporus BT-271 in PEO-gel. We confirmed also the fact that the other oxygenase enzymes, catalyzing the alternative and additional ways of biodegradation of phenol could also be detected, though with significantly lower activities.
Enzyme activities
It is interesting how the immobilized microorganisms increased their enzyme activities and whether the biofilter system was effective for purification of water containing phenol at high concentrations. The analysis of the data presented in Fig.  7 showed that in both variants of immobilization the enzyme activities of the oxygenases and the succinatedehydrogenase were many times higher in the immobilized microbe culture.
The illustration is shown in multiple magnification (Fig. 8) . in this case as well for most oxygenases the increase is in greater extent for the experimental variant SBR-D. It amounts to 118 times for catechol 1,2-dioxygenase, 148 times for catechol 2,3-dioxygenase, 631 times for phenol 2-monoxygenase. 
Conclusions
All obtained results -kinetic parameters, technological and enzymological indicators pointed to the following conclusions: 1. The bacterial culture Bacillus laterosporus BT-271 is suitable for immobilization in PEO-gel. The formed biofilm is stable and after a 15-day adaptation period shows steady biodegradation activity. 2. A more stable variant for immobilization of the microbe biomass is the direct soaking of the PEOplate in the preliminarily multiplied bacterial culture, variant SBB-D. 3. The implantation of the gel with the immobilized microorganisms in a sequencing batch biofilter shows good biodegradation, kinetic, enzymological characteristics, as well as self-renovating adequate biofilm structure in laboratory conditions.
4.
The SBB-D system is suitable for scaling and future implementation of the water purification processes in practice. 
